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INTRODUCTION 


I . 

The  existing  S-280  electrical  shelter  is  not  hardened  to  the 
recommended  nuclear  blast  environment  levels.  In  order  to  blast- harden 
the  shelter,  its  walls  and  roof  required  strengthening  whicli  was  accom- 
plished by  adding  a combination  of  a 0.23  cm  thick,  layered,  Kevlar -40 
fiber  epoxy  material  and  an  aluminum  honeycomb  to  both  sides  of  the 
wall  and  roof  panels.  The  resulting  construction  is  shown  in  Figure  1. 

In  addition  to  the  blast  environment,  one  or  more  sides  of  the  shelter 
may  be  exposed  to  a nuclear  thermal  radiation  environment.  This  environ- 
ment is  shown  in  Figure  2 where  (the  rise  time  of  the  environment) 

is  0.21  s,  (the  maximum  irradiance  of  the  environment)  is  3.93  MWm 

and  Q is  2.66  MJm"^. 

Because  of  the  thermal  insulating  nature  of  the  Kevlar  material  and 
of  the  blast  hardened  wall  construction,  the  shelter  will  survive  the 
nuclear  thermal  environment.  However,  since  the  thermal  environment 
precedes  the  blast  environment  and  the  Kevlar  material  is  an  integral 
part  of  the  wall,  the  blast  hardness  of  the  shelter  is  dependent  upon 
the  effects  of  the  thermal  environment  on  the  Kevlar  material.  These 
effects  must  be  determined  experimentally  because  of  the  lack  of  the 
thermophysical  property  data  for  the  material. 

A series  of  tests  were  conducted  at  the  White  Sands  Missile  Range 
solar  furnace  to  determine  these  effects  and  this  report  presents  ♦^lie 
results  obtained. 


II.  EXPERIMFNTAI,  PROCEDURE 

Ideally,  the  shape  and  irradiance  of  a simulated  nuclear  thermal 
pulse  should  be  identical  to  the  expected  real  niiclear  thermal  pulse. 
Although  the  solar  furnace  has  nuclear  pulse  shaping  capabilities  for 
weapon  yields  greater  than  10  kt  (t  >0.115),  the  maximum  irradiance  of 
these  pulses  is  3.34  MWm'^  or  less,  the  actual  value  being  a function  of 
atmospheric  conditions.  Since  it  was  not  possible  to  completely 
simulate  the  thermal  environment,  it  was  decided  to  simulate  only  Q 
using  several  different  pulses.  This  decision  was  based  on  the  a.ssump- 
tion  that  the  effects  of  the  ideal  pulse  could  be  extrajiolated  from  the 
effects  obtained  for  the  selected  pulses.  Three  pulses  were  used,  two 
square  wave  (SWl  and  SW2)  and  one  nuclear  shape  (NS) . These  are  shown 
in  Figure  3 along  with  the  ideally  simulated  thermal  pulse  |INP). 

Two  painted  samples  of  the  material  were  exposed  to  each  of  the 
pulses.  The  irradiance  history  of  each  pulse  was  measured  immediatel)’ 
before  and  after  duplicated  sample  run  using  a commercial  heat  flux 
calorimeter.  The  average  pulse  parameters  for  each  type  of  pulse  are 
presented  in  Table  I. 
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I ij^uro  .1.  I xperirociit 


Tabic  t.  Pulse  i'aramcfcr.s 


Pulse 

Rise  Time 

Cs) 

Decay  Time 
(s) 

Durat ion 
(^1 

Maximum  Irradiance 
(MKnr^) 

(M.Ira 

SWI 

0.25 

0.25 

1.55 

2 . 24 

2.9.3 

SW2 

0.15 

0.15 

2.64 

1,02 

2.70 

NS 

0.90 

7.40 

8.30 

1.88 

2.70 

The  back  surface  temperature  of  each  sample  was  monitored  using 
Tempilabels.  These  are  temperature  sensitive  materials  which  turn 
black  at  a specific  temperature.  The  Tempilabels  used  were  sensitive 
to  14°C  increments,  and  the  temperature  data  obtained  was  of  the  form 
To<T<T^+14°C.  High  speed  motion  pictures  of  the  exposed  surface  were 

taken  during  each  sample  exposure. 


ni.  RESULTS  AND  DISCUSSION 

figures  4,  5,  and  6 show  the  effects  of  each  pulse  type  on  the 
exposed  surface  of  the  Kevlar  material.  The  effects  were  identical  for 
every  pulse;  namely,  the  top  layer  of  fibers  was  charred  and  broken, 
and  was  debonded  from  the  next  layer.  Consequently,  one  can  conclude 
that  these  effects  are  independent  of  the  shape  and  the  maximum 
irradiance  of  these  p Oses  and  that  similar  effects  would  occur  from 
the  ideally  simulated  environn.ent . 

A summary  of  the  maximum,  back  surface  temperature  increase  is 
presented  in  Table  II  wiiere  T is  the  temperature  increase. 


Table  II.  Maximum  Back  Surface  Temperature  Increase 


Pul  se 

Temperature 

SKI 

76°C  < T < 90°C 

SW2 

94°C  < T < 108°C 

NS 

108°C  < T < 122°C 

An  analysis  of  these  temperature  increases  indicate  that  the>  are 
independent  of  the  rise  time,  the  maximum  irradiance,  and  Q of  each 

pulse.  They  could,  however,  be  a function  of  I li(t)dt.  figure  7 

■^o 
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SW2  Pulse  Surface  Effects 


shows  a plot  of  I H(f)dt  for  each  pulse.  It  is  seen  from  this  figure 


that 


SWl 


H(tldt 


SW2 


liCtIdt  I for  al  1 
NI> 


values  of  t.  From  Table  2 we  have  > T„,,,  ■ This  indicates 

Nr  SW2  bWl 

therefore,  that  the  back  surface  temperature  increase  is  a function  of 
t t 


I 


H(t)dt.  Also  plotted  in  Figure  7 i 


is  r H 

^r\ 


(t)dt  for  the  ideally 


simulated  nuclear  thermal  pulse  (INP).  One  sees  that  for  all  values  of 
t \ / X 


t.  II  ll(:)dt  I > 
INP 


(t)dt 


. Therefore,  one  can  conclude 


SW2 


that  the  maximum  increase  in  the  back  surface  temperature  from  the  ideally 
simulated  pulse  will  be  less  than  108°C. 


IV.  CONCLUSION 

The  Kevlar  -49  fiber  epox>  resin  composite  material  used  in  the 
blast  hardened  S-280  electrical  shelter  when  exposed  to  the  nuclear 
thermal  environment  will  exhibit  transient  flaming  for  the  duration  of 
the  environment.  The  exposed  layer  will  char  and  break  and  will  debond 
from  the  adjacent  layer,  and  the  maximum  increase  of  the  back  surface 
temperature  will  be  less  than  108°C. 
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